from 48°N to 15°S along 175°E in the Pacific Ocean during 6 years by the NOPACCS (Northwest Pacific Carbon Cycle Study). Particular attention was given to the variability of absolute concentrations of the netplankton chlorophyll a and their percentage shares of the total chlorophyll a concentration. Below 0.2 µ µ µ µ µg l -1 of surface total chlorophyll a, the netplankton chlorophyll a showed low percentage shares (such as 12.7% on average) with a large variation, but above 0.2 µ µ µ µ µg l -1 it was 35.9% on average with less variation, showing an accelerated increase at high total chlorophyll a concentrations. High netplankton chlorophyll a concentrations in surface waters were observed at high latitudes, in waters having high chlorophyll a concentrations at subsurface depth, and in equatorial upwelling. The percentage shares of netplankton in the total chlorophyll a in the euphotic zone were 8.5% and 25.9% above and below 0.2 µ µ µ µ µg l -1 , respectively, although the data points scattered over a wide range (from 7.2% to 53.8%) depending on differences in water masses, depths and seasons. High chlorophyll a concentrations and high percentage shares of netplankton corresponded to high ambient nitrate plus nitrite concentrations. Integrated netplankton chlorophyll a concentrations in the euphotic zone varied from 0.7 to 19.5 mg m -2 in waters below 0.2 µ µ µ µ µg l -1 of surface total chlorophyll a, and from 2.0 to 29.5 mg m -2 above 0.2 µ µ µ µ µg l -1 , and the percentage shares of netplankton for the former were 7.4% on average and 23.7% for the latter.
phytoplankton is not equal, but varies greatly. Since the grazing food chain that predominates in an aquatic ecosystem depends strongly on the size differences of organisms, size diversity of organisms could have an effect on the maintenance of an ecosystem as well as on the existence of species (Ryther, 1969) .
The pelagic phytoplankton community in many areas of the ocean is generally dominated by picoplankton of <2 µm in size composed mainly of minute cyanophytes and prochlorophytes (Takahashi and Hori, 1984; Chisholm, 1992) , whereas netplankton of size >10 µm, such as diatoms and dinoflagellates, tend to predominate in regional upwelling areas and during particular seasons, such as spring and autumn at middle and high latitudes where nutrient-rich environments are created (Malone, 1980; Furuya et al., 1986; Ishizaka et al., 1986 Ishizaka et al., , 1994 Odate, 1996) . Dominant species or groups of phytoplankton have attracted particular attention because of their possible importance for controlling ecosystem dynamics, but rare species or groups making up a small
Introduction
Phytoplankton are known to be the most important primary producer in the pelagic marine community, and a given pelagic phytoplankton community is characterized by high species diversity composed of a great variety of taxonomic groups (c.f., Hutchinson, 1961; Taylor and Waters, 1982; Takahashi and Bienfang, 1983; Venrick, 1990) . Furthermore, the size diversity of the phytoplankton community is also large, varying by least three orders of magnitude, such as from 0.2 µm to 200 µm in the diameter of equivalent spherical volume of each cell or colony with various morphological shapes (Sheldon et al., 1972; Sieburth et al., 1978; LeBouteiller et al., 1992 
Materials and Methods

Field data
Field samplings were conducted in the area covering 48°N to 15°S along 175°E in the Pacific Ocean, either from April to June (hereafter "summer") or from August to September (hereafter "autumn") from 1991 to 1996 by RV #1 Hakurei-Maru as part of the Northwest Pacific Carbon Cycle Study (NOPACCS; Ishizaka and Ishikawa, 1991) (Table 1 ). The actual survey area varied in the southern coverage, and samples were taken at fixed geographic stations. Continuous vertical profiles of temperature, salinity and depth were obtained by a CTD (Seabird SBE-9) equipped with 12-liter Niskin bottles on a rosette sampler (General Oceanic) down nearly to the bottom at each station, while water samples were also taken at discrete depths. Photosynthetically active radiation (PAR) was determined by a quantum meter mounted on the CTD. Data obtained in the upper 200m were used in the present study. The diel compensation depth was assumed to be the depth reached by 0.1% of surface PAR.
Each one-liter of seawater sample collected at each discrete depth (basically 0, 10, 20, 30, 40, 50, 75, 100, 125, 150 and 200 m) was sequentially filtered through a 10 µm Nuclepore filter and a Whatman GF/F filter (nominal pore size, ca 0.7 µm). Chlorophyll a on each filter was determined fluorometrically using a Turner Designs Fluorometer (Model 10-005R) after overnight extraction with dimethyl-formamide at -20°C in the dark. Total concentration of chlorophyll a was estimated by summing the values of two different filters. NOPACCS data of temperature, salinity, σ t and nutrients (http://www.aist.go.jp/ RIODB/nopaccs/nopaccs_home.html) were used. Nitrate plus nitrite (hereafter nitrate) was determined using an Alpkem RFA-300 flow analyzer.
biomass have drawn less attention due to the supposition that they make a minor contribution (Takahashi and Hori, 1984; Chisholm, 1992) . Not much information has thus been accumulated on species and groups having small biomass (Takahashi et al., 2000) . However, it may be questionable to consider the possible contribution of organisms to ecosystem dynamics, simply considering the total biomass of different organisms, with no attention to size differences, especially the larger-sized phytoplankton, because the larger phytoplankton could support organisms at higher trophic levels with much less biomass than the smaller phytoplankton (Sheldon et al., 1972) . Furthermore, based upon temporal and spatial changes of pelagic primary productivity usually associated with size differences in phytoplankton community, Malone (1980) proposed as a generalization that the main part of pelagic primary productivity may be due to picoand nanoplankton that experience fewer temporal and spatial changes, but netplankton (>20 µm) change their productivity drastically, depending on the environmental conditions. Larger or rapid changes of pelagic primary productivity would thus tend to be controlled by netplankton.
Netplankton of >10 µm in size-the focus of the present study-generally make up only a small biomass in pelagic phytoplankton communities, and have not been paid much attention. They are mainly composed of diatoms, dinoflagellates and/or filamentous large cyanophytes. In the present study, we have determined the chlorophyll biomass of netplankton of size >10 µm, and evaluated their percentage shares in pelagic phytoplankton communities covering a wide latitudinal area of the central Pacific Ocean. Possible environmental control of the chlorophyll a biomass of netplankton and their percentage shares are also considered. Table 1 . Sampling area and total number of chlorophyll a data of NH cruises along 175°E. Each cruise number shown by 1 and 2 represents "summer" (April to June) and "autumn" (August to September) observations, respectively.
Surface water mass distributions in the study area
According to the NOPACCS data on temperature, salinity, σ t and nutrients and Ishizaka et al. (1994 Ishizaka et al. ( , 1997 , water mass distributions and surface currents in the study area during the present study period can be summarized as follows. The water-types present were the northern subarctic water (NSAW), the northern subtropical water (NSTW), the equatorial water (EW) and the southern subtropical water (SSTW), from north to south in order, and these could influence the water in the shallow few hundred meters of the water column (e.g., Sverdrup et al., 1942; Roden, 1972) . According to Thurman (1997) ; there might be a counterclockwise cyclic current in NSAW, and a clockwise subtropical cyclic current to the south of NSTW, and equatorial currents may occur in EW.
According to the PAR data obtained in four cruises of NH91-2, 92-2, 93-2 and 94-1, diel compensation depth, evaluated from 0.1% transmittant depth of PAR, varied between 70-160 m, 108-175 m, 125-170 m and 110-173 m for NSAW, NSTW, EW and SSTW, respectively.
Results
Latitudinal distributions of netplankton chlorophyll a in the surface water
The latitudinal distributions of total chlorophyll a of surface water are shown at each station in each cruise (Fig. 1A) . Surface total chlorophyll a varied from 0.024 to 1.21 µg l -1 , and a higher concentration area (over 0.2 µg l -1 ) was always observed in NSAW and additionally in NSTW in "summer" of 1993 and in EW during upwelling. The southern-most edge of the high chlorophyll a area in NSTW moved seasonally and by year along longitude reaching around 30°N in "summer" and around 40°N in "autumn". In wide areas of southern NSTW and EW, except during an equatorial upwelling event, surface total chlorophyll a was low (below 0.2 µg l -1 ), and particularly low (e.g., less than 0.05 µg l -1 ) and showed less temporal variation with small standard deviations (shown in the insert of Fig. 1A ) in the area 16°N to 10°N which covered both southern NSTW and northern EW. On the other hand, in the area of 30°N to 20°N, surface total chlorophyll a concentrations were 0.05 to 0.08 µg l -1 and showed some temporal variations. Comparing surface total chlorophyll a to the north and south of the equator in EW, the southern part seems to have a little higher concentration than the northern part.
Chlorophyll a concentrations of netplankton of size >10 µm (hereafter netplankton) in surface waters of the study area varied from 0.001 to 0.656 µg l -1 (Fig. 1B) . By comparing the patterns in Fig. 1B with those of Fig.  1A , it became obvious that surface water masses having total chlorophyll a of less than 0.2 µg l -1 had low netplankton chlorophyll a, e.g., mostly at 0.01 µg l -1 or lower, and less temporal variation. Surface water masses having netplankton chlorophyll a concentrations higher than 0.2 µg l -1 occurred generally from 48°N to 40°N in NSAW in "autumn" and extended to 33°N in NSTW in "summer", and displayed a great change in concentration. In general, the changing patterns of surface netplankton chlorophyll a were basically the same as those of the surface total chlorophyll a, but the maximum concentrations of the former appeared at particular latitudes netplankton chlorophyll a (B) and percentage share of netplankton chlorophyll a (C) in surface waters from 48°N to 15°S along 175°E in different seasons and years. NSAW, northern subarctic water; NSTW, northern subtropical water; EW, equatorial water; SSTW, southern subtropical water. Inserts in (A) and (B) show detail chlorophyll concentrations at lower latitudes, the insert for (A) shows the average total chlorophyll a of all measurements except for NH94-2 (Equatorial upwelling). Vertical short bars represent standard deviation.
compared to the latter, where high concentrations covered in a wide area. For example, notable maximum concentrations of surface netplankton chlorophyll a in "summer" were 0.339 µg l -1 at 37.5°N in 1993 and 0.252 µg l -1 at 40°N in 1994; those in "autumn" were 0.665 µg l -1 at 42°N in 1992 and 0.592 µg l -1 at 48°N in 1994. In the equatorial upwelling event in "summer"of 1994, surface netplankton chlorophyll a concentrations in/ around the upwelling area were slightly higher (e.g., 0.006 to 0.039 µg l -1 ) than those of the surrounding water masses and during the La Niña event.
A strong positive relationship (r 2 = 0.831) expressed by a polynomial curve was observed between the total and the netplankton chlorophyll a concentrations in surface waters, which showed that the increase of netplankton chlorophyll a accelerated with increasing surface total chlorophyll a (Fig. 2) . There were only 44 data points above 0.2 µg l -1 which were restricted to NSAW, northern part of NSTW in summer and EW during upwelling, and the remaining 148 data points were below 0.2 µg l -1 in the water masses of low surface total chlorophyll a in NSTW, EW and SSTW. Taking linear relationships of both chlorophyll a above and below 0.2 µg l -1 of the total surface chlorophyll a, the average percentage share of netplankton chlorophyll a was 12.7% below 0.2 µg l -1 with a weak correlation coefficient of r 2 = 0.406, whereas it was 35.9% above 0.2 µg l -1 with a little stronger correlation of r 2 = 0.631 (Fig. 2) . Both linear regressions passed through the origin.
The percentage shares of netplankton in total chlorophyll a at the surface varied greatly from 1.5 to 74.3% in the present study (Fig. 1C) . Water masses rich in surface total chlorophyll a over 0.2 µg l -1 with large temporal and spatial variations showed much larger percentage shares (e.g., from 7.2% to 53.8%), whereas that for low chlorophyll waters lower than 0.2 µg l -1 with generally less temporal and spatial variation was around 10%. Between 30°N and 15°S, large percentage shares reaching 20% were seldom observed, and only to the north of 20°N, except during upwelling in the "summer"of 1994.
Vertical distributions of total and netplankton chlorophyll a in the water column
Representative vertical profiles of total chlorophyll a and the percentage shares of netplankton in the top 200 m of the water column are shown graphically in Fig. 3 . Vertical patterns have been separated into two groups according to the differences in surface total chlorophyll a concentration above and below ca. 0.2 µg l -1 , and percentage shares of netplankton. In the water masses containing over 0.2 µg l -1 at the surface (e.g., 44°N, 45°N and 48°N in Fig. 3 ), total chlorophyll a was distributed mostly within 100 m depth, being centered near the surface above 50 m followed by a steep decline with depth. Percentage shares of netplankton in total chlorophyll a were mostly more than 10% in the top 100 m, and but large percentage shares were also observed below 100 m. The maximum percentage shares of netplankton chlorophyll a in each profile in this category varied from 10% to 61.5% in cruises NH93-2 and 94-1.
In the water masses having less than ca 0.2 µg l -1 of surface total chlorophyll a (e.g., 21°N and 33°N in Fig.  3 ), chlorophyll a was distributed through a greater depth range at low concentrations with a distinctive subsurface (between 50 m and 120 m) chlorophyll maximum reaching 1.7 to 11.5 times as high as the surface chlorophyll a concentration; similar or higher levels of surface chlorophyll a concentrations were often detected even at 150 m. In overall areas in this category, the percentage shares of netplankton in relation to the total chlorophyll a concentration were generally small (e.g., less than 10%) throughout the water column, although there were higher percentages around the subsurface chlorophyll maximum layer, reaching 40 to 80% in well-developed cases. Equatorial upwelling (e.g., 2°S in Fig. 3) had an intermediate characteristic, having surface total chlorophyll a concentrations of over 0.2 µg l -1 , a wider vertical chlorophyll distributions in the water column than the first category (high surface Chl a, >0.2 µg l -1 ), and larger percentage shares of netplankton than the second category (low surface Chl a, <0.2 µg l -1 ). It was observed that the netplankton chlorophyll a concentrations increased with increasing total chlorophyll a at each depth in the top 200 m in the water column (Fig. 4) , as was observed in the surface waters (Fig. 2) . The plotted regression curve with a polynomial fit had a similar regression coefficient (r 2 = 0.804) to that of surface waters (r 2 = 0.831). There are 388 and 1,078 data points above and below 0.2 µg l -1 of total chlorophyll a in Fig. 4 , respectively. When the values were separated at 0.2 µg l -1 , two independent linear regressions indicate that the average percentage shares of netplankton chlorophyll a were 8.5% and 25.9% below and above 0.2 µg l -1 , respectively, and the regression of the former was much weaker than the latter, as seen in Fig. 2 . 
Depth integrated total and netplankton chlorophyll a in the euphotic zone
Depth integrated total and netplankton chlorophyll a were calculated at each station for four cruises, NH91-2, 92-2, 93-2 and 94-1, where the diel compensation depth for photosynthesis was able to be estimated. The results obtained are plotted in Fig. 5 . Although the data points scattere over a wide area, a general trend showing a progressive increase of the netplankton chlorophyll a with increasing total chlorophyll a was again noted. Furthermore, a different trend was seen above and below ca. 20 mg m -2 . Below 20 mg m -2 , the integrated netplankton chlorophyll a increased linearly with increasing total chlorophyll a. A linear regression parameter of 0.062 was obtained, although the correlation was weak (e.g., r 2 = 0.118). Above 20 mg m -2 , two different types of behavior were recognized for the relationship; one case followed a similar relationship to that below 20 mg m -2 and the other showed an accelerated increase of netplankton chlorophyll a. The regression line of the first case covered most data points below 5 mg m -2 of netplankton chlorophyll a and all data points fell within the range of ±100% standard deviation of the approximated line, as shown in Fig. 5 . For all data points over 20 mg m -2 , a linear regression line of y = 0.480 × -9.118 (r 2 = 0.486) was obtained. All 17 data points above 5 mg m -2 of netplankton chlorophyll a were obtained from NSAW and in the north of 33°N of NSTW. Below 20 mg m -2 of total chlorophyll a concentrations, the percentage shares of netplankton chlorophyll a were almost constant around 6%, whereas they varied greatly from ca. 4% to nearly 56% above 20 mg Chl a m -2 . There were 134 data points (station numbers) in total for chlorophyll a integrated in the euphotic zone where 20 data points were from NSAW and 114 from the other water masses than NSAW. In NSAW, where the surface total chlorophyll a concentrations were always over 0.2 µg l -1 , the integrated total chlorophyll a in the euphotic zone varied from 22.2 to 55.0 mg m -2 , and 80% of the data fell within 20-30 and 30-40 mg m -2 , both of which were derived from eight stations (Fig. 6A) . The integrated netplankton chlorophyll a in NSAW ranged from 2.0 to 16.9 mg m -2 , and 85% of data fell within 3-4 mg m -2 (5 stations), 4-5 mg m -2 (3 stations), 5-10 mg m -2 (5 stations) and 10-15 mg m -2 (4 stations) (Fig. 6B) . The percentage shares of netplankton in the integrated total chlorophyll a in NSAW varied from 5.3% to 41.0%, and the histogram seems to be bimodal (Fig. 6C) . One group is composed of 5-10% (3 stations) and 10-15% (6 stations), and another group is composed of 20-30% (5 stations) and 30-40% (4 stations).
In areas other than NSAW, where the surface total chlorophyll a concentrations were mostly below 0.2 µg l -1 , the integrated total chlorophyll a in the euphotic zone varied from 12.6 to 52.4 mg m -2 where 90% of data occurred in 10-20 (51 stations) and 20-30 mg m -2 (52 stations) (Fig. 6A) , the integrated netplankton chlorophyll a in the euphotic zone ranged from 0.7 to 29.5 mg m -2 where 80% fell within 0-1 mg m -2 (52 stations) and 1-2 mg m -2 (59 stations) (Fig. 6B) . The highest mode of netplankton chlorophyll a lay at 1-2 mg m -2 but not 0-1 mg m -2 . The percentage shares of netplankton in the total chlorophyll a varied from 3.8% to 56.3% and again the histogram was showed bimodal (Fig. 6C) . One group is composed of 0-5% (31 stations), 5-10% (65 stations) and 10-15% (10 stations), and another group is composed of 20-30%, 30-40%, 40-50% and 50-60%. Higher percentage shares than 10% were mostly found in water with higher total chlorophyll a concentrations.
Relationship between the total chlorophyll a and ambient nitrate concentrations
There was a general trend indicating that the higher total chlorophyll a concentrations occurred concurrently with higher ambient nitrate concentrations in surface waters (Fig. 7A) . Data points can be visually separated into two groups at a nitrate concentration of 1 µM which corresponds to about 0.2 µg chl a l -1 . It is thus supposed that high concentrations and high percentage shares of netplankton chlorophyll a are supported by the higher nitrate concentrations.
A similar plot is obtained from vertical profile samples from surface to the subsurface chlorophyll maximum depth at each sampling station in NH 93-2 and 94-1 (Fig.  7B ). If one compares Fig. 7B with Fig. 7A , one can confirm a similar general trend showing the higher total chlorophyll a at higher nitrate concentrations, although a given amount of chlorophyll a concentration changed over much larger ranges of nitrate concentration and no obvious data point group can be found, in contrast to what is seen in the surface water in Fig. 7B .
Discussion
One of findings in the present study was an accelerated increase of netplankton chlorophyll a with increasing total chlorophyll a; a significant correlation coefficient was found for both relationships in a polynomial approximation (i.e., r 2 = 0.831 and r 2 = 0.804) for the surface waters and discrete depth samples, respectively. Similar accelerated relationships were also seen with the surface water chlorophyll a data reported by Odate (1996) in the northern North Pacific Ocean and Bering Sea (r 2 = 0.840) and by Han and Takahashi (2001) in the Southern Ocean (r 2 = 0.516: Fig. 8 ). However, the correlation parameter for x 2 in the present study was about twice as large as that found in the previous found two studies (Odate, 1996; Han and Takahashi, 2001 ). This could be partly due to geographical differences, such as the Southern Ocean area of the present study rather than the northern North Pacific Ocean in the other studies. Considering those observations, it can be tentatively concluded that netplankton providing >10 µm chlorophyll a concentrations shows accelerated changes with total chlorophyll a concentrations. Moreover, extremely high percentage shares of netplankton chlorophyll a were found in NSAW and a part of NSTW. Furthermore, high percentage shares of netplankton were occasionally observed, even in the samples having low total chlorophyll a concentrations that were obtained below the euphotic zone (Fig. 5) .
The latitudinal distributions of both total and netplankton chlorophyll a in surface waters showed a distinct difference between NSAW and the other water masses of NSTW and EW, as follows: surface total chlorophyll a concentrations were more than 0.2 µg l -1 in NSAW, whereas they are mostly below 0.2 µg l -1 in the other water masses, except for the northern part of NSAW in "summer" and EW during equatorial upwelling events (Fig. 1A) . Similar increases of surface total chlorophyll a (e.g., from <0.1 µg l -1 to >0.2 µg l -1 ) have been independently confirmed in upwelling events Bouteiller et al., 1992; Chavez et al., 1996) . A total chlorophyll a concentration of 0.2 µg l -1 was thus selected as a discrimination level for high and low chlorophyll a concentrations in the present study. Pena et al. (1990) reported an increase of share percentage of >10 µm netplankton chlorophyll a from 10% to ca. 25% in the surface waters of equatorial upwelling in the Pacific Ocean, although Herbland et al. (1985) observed that netplankton did not contribute greatly to the increase in Fig. 8 . Relationships of surface water chlorophyll a concentrations between the netplankton and the total in the present study, and other studies by Odate (1996) and Han and Takahashi (2001) . the equatorial upwelling in the Atlantic Ocean. A discriminating concentration marking a large increase of netplankton was about 0.01 µg l -1 for netplankton chlorophyll a (Fig. 1B) . The percentage shares of netplankton in the total chlorophyll a were also separated at surface chlorophyll a concentrations of 0.2 µg l -1 , and almost the same trends (applying 0.2 µg l -1 of total chlorophyll a concentration) were also seen for discrete depth samples, although highly developed subsurface chlorophyll maximum samples contained high chlorophyll a with high percentage shares of netplankton chlorophyll, too, even in NSTW and EW. The share percentage of netplankton chlorophyll a was 8.5% of the total chlorophyll a on average below 0.2 µg l -1 , whereas it was 25.9% above 0.2 µg l -1 , as seen in Fig. 4 . Consequently, a total chlorophyll a concentration of 0.2 µg l -1 seems to be an indicator point for assessing netplankton abundance in the ocean, and this concentration was also supported by surface nitrate concentrations (Fig. 7A) .
Integrated total chlorophyll a concentrations within the euphotic zone varied from 20 to 40 mg m -2 in NSAW where the surface total chlorophyll a was mostly over 0.2 µg l -1 , and 10 to 30 mg m -2 in the other areas of <0.2 µg l -1 of surface total chlorophyll a; netplankton chlorophyll a concentrations were from 2 to 15 mg m -2 in the former water mass and from 0 to 4 mg m -2 in the latter; percentage shares of netplankton in the total chlorophyll a had distributions centered from 5% to 40% in the former water mass and 0% to 10% in the latter (Fig. 6) . The percentage shares of netplankton in the total chlorophyll a concentration were 7.4% on average in the integrated values within the euphotic zone in low surface chlorophyll water masses in the most of the subtropical and tropical waters, whereas the average was 23.7% in high surface chlorophyll water masses in part of the subtropical waters in particular seasons.
Although the discrimination level of total chlorophyll a, such as 0.2 µg l -1 suggested in the present study, requires further evaluations, several points mentioned above have been elucidated by considering the discrimination level. Under lower concentrations than the discrimination level there was even a poor regression between the total and the netplankton chlorophyll a: there were a quite number of data points showing the percentage shares of netplankton chlorophyll a lower than 20% (Figs. 2 and  4) . On the other hand, the regression became stronger above the discrimination level. At this stage, no suitable explanation can be proposed for this observation.
The increase in the percentage share of netplankton corresponded closely with the increased flux of nutrients, as evaluated from nitrate concentrations. This observation receives strong support from the fact that netplankton diatoms increased their biomass in response to temporally increased nutrient flux in the surrounding water, even in pelagic environments, as evidenced mostly in coastal waters (Malone, 1983) . Under low nutrient-flux conditions, netplankton biomass decreased below 25% of the total chlorophyll a. The existence of a variety of netphytoplankton with extremely low biomass in the euphotic zone has been confirmed in various pelagic waters with low nutrient flux (McHugh, 1954; Takahashi et al., 1983 Takahashi et al., , 2000 Goldman, 1993; Ishizaka et al., 1997) . Large diatom cells are known to maintain their active photosynthetic rate under such poor nutrient flux in natural water (Goldman, 1993; Kuwata et al., 1996) , but they cannot increase their biomass due to possible losses by grazing and sinking. It is thus expected that some netplankton, such as large diatoms, maintain their minimum biomass level under poor nutrient flux conditions: their diel increase could be removed, probably by grazing and sinking, and they could probably maintain their minimum biomass in the water as a result.
